Introduction: regional anesthesia is a safe alternative to general anesthesia. Despite benefits for perioperative morbidity and mortality, this
Introduction
Despite advances in health care provision in low-HDI countries (defined by Human Development Index (HDI<0.8), perioperative mortality is at least threefold greater than in high-HDI countries (HDI > 0.8) [1] . This problem is particularly acute in sub-Saharan Africa, where the avoidable anesthesia mortality rate has been recorded as 1:504 in Malawi [2] and 1:133 in Togo [3] . Rwanda, a small, landlocked country in East Africa, is among the most densely populated nations in the world. Health care measures are poor, with annual health expenditure at $125 per capita (compared with the USA's $9,403 per capita) [4] . Regional anesthesia is an integral component of modern perioperative care. Potential safety benefits are particularly relevant in Rwanda where adverse outcomes from general anesthesia can occur due to oxygen and electricity failure, complications from failed airway management, equipment malfunction, and lack of pulse oximetry [3] . Studies demonstrate an association of regional anesthesia with improved analgesia, increased patient satisfaction, reduced costs, increased operating room efficiency and reduced postanesthesia care unit (PACU) length of stay for specific surgeries [5] .
While there is a paucity of data in low-HDI countries [6] , it is reasonable to hypothesize these advantages are transferable, and possibly amplified in low-resource settings where additional benefits include: reduced use of anesthetic drugs in limited supply, cost reduction, and the ability to use simple, easily transportable equipment [7] .
Despite this, regional anesthesia is underused in low-resource settings [8] . A survey of 147 Nigerian anesthesia providers [9] showed that while 92.9% regularly used spinal anesthesia, only 2.9% regularly used peripheral nerve block techniques. In this group, 47.1% of anesthesia providers have never performed a nerve block.
Only 10-15% of patients in Rwanda receive regional anesthesia for lower limb surgery [10] . Prior to the establishment of a regional anesthesia service in 2016, peripheral nerve blocks were not regularly taught or practiced in Rwanda. The factors responsible for underuse of regional anesthesia in low-resource settings include lack of: equipment, drugs, designated space, training of anesthesia staff, skilled nursing support, knowledgeable administrative personnel, facility and logistics planning, patient and surgeon education, and quality assurance programs [6] . In response to an identified need, a regional anesthesia service was established at a tertiary hospital in Rwanda (see below). This study aims to understand the factors influencing establishment of the regional anesthesia service. The Consolidated Framework for Implementation Research (CFIR) was selected as a guiding framework for exploring implementation and addressing the research goal [11] . (staffed by 3 anesthesiologists, 4 anesthesia residents, and 20 non-physician anesthesia providers, also called "technicians"). The implementation of the regional anesthesia service was conceived through collaboration between Canadian (MH, PL) and Rwandan (JN, JU) anesthesiologists in September 2015. A strategic plan was drafted to establish the service according to Paul Farmer's 4Ss-stuff, space, staff and systems [13] . Implementation began in January 2016. This involved:
Methods
Staff -MH and JN co-led the establishment project. All anesthesia staff participated in a 12-week regional anesthesia curriculum involving didactic, workshop, simulation and bedside teaching. A roster was created whereby one consultant or resident and one technician were assigned to the regional block room daily.
Multidisciplinary education sessions were offered to perioperative surgical and nursing staff.
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Space -A regional block space was created in the pre-operative waiting area. This room was equipped with a stretcher, block cart, a pulse oximeter, protocols and material for data recording and staff education.
Stuff -CHUK already had two ultrasound machines for use in theatre.
A three-month supply of regional anesthesia equipment (e.g, block needles, local anaesthetic, ultrasound gel, and probe covers) was Interview participants: following establishment, we used purposive sampling to obtain a variety of perspectives on regional anesthesia implementation [14] . Interview participants included anesthesia providers (anesthesiologists, residents, technicians) and other perioperative surgical staff (surgeons, perioperative nursing) who performed clinical and non-clinical (administrative, education) roles. By interviewing a range of participants, we aimed to capture divergent opinions for a nuanced understanding of the research question. Recruitment commenced at the end of the implementation phase and continued until at least three interviews were conducted without new substantive issues emerging. This defined our stopping criterion, at which point we concluded that data saturation had been reached [15] .
Interviews: following written consent, two study investigators of the interview team (MH, JN, FN; at least one of whom was a Rwandan) conducted interviews using a semi-structured interview guide, informed by the CFIR. Consolidating constructs from 19 frameworks and models in the implementation science literature [11] , the CFIR comprises five domains: intervention characteristics, outer setting (i.e, the political, economic, and social context in which the organization operates), inner setting (i.e, the organization in which the implementation takes place), characteristics of the individuals involved, and the process of implementation ( Figure 1 ). Single interviews were conducted in the workplace and lasted 30-45min. The semi-structured format has several advantages: it allows participants to respond freely to concepts; it provides enough structure that interviews can be completed in a timely manner; and it offers leeway for the interviewer to explore issues that arise but are not covered by the interview guide [16] . Interviews were conducted in English, 
Results
We interviewed 18 participants (Table 1) , a number consistent with previous studies employing the CFIR [17] [18] [19] [20] . All participants approached agreed to be interviewed. Themes that emerged from the interviews were: patient experience and outcomes; professional satisfaction; human and material resources; and local engagement for sustainability. Figure 1 delineates specific barriers and facilitators according to theme and relates these themes back to the CFIR.
Patient experience and outcomes: in a resource-limited context
where equipment failure is frequent and essential medications are often unavailable, participants conveyed that Rwandan patients perceive anesthesia-related morbidity and mortality to be high. " [Patients] are scared because many years ago when the patient was under general anesthesia, they often didn't wake up" (Anesthesia Technician). They report that their patients are fearful of general anesthesia. "The people are scared of general anesthesia because we don't have the anesthesiologist so people were not good in giving the anesthesia, and they (patients) lose their life" (Nurse).
Yet, participants also commented that these same patients inherently trust physician decisions. Despite public awareness of regional anesthesia being low, patients readily consented for these to be admitted and can benefit. I remember this helped me out with a patient I had seen and was failing to get a bed for him. We got a regional block, and we took the patient in the minor theatre room, and then we managed to do the procedure. He went home the same day and he was very happy" (Surgeon).
Finally, Rwandan patients heavily rely on their families to provide transport, food and medical equipment for their hospital stay.
Participants commented on benefit for the wider community from enhanced recovery and reduced length of stay: "If someone is poor and coming for regional anesthesia, he will get home and work faster. long-term capacity building to address these issues: encouraging residents with regional anesthesia experience to teach staff who lacked the time to train (a revolutionary concept in a hierarchical work culture); inviting staff from district hospitals to train at CHUK in order to reduce future referrals; establishing a resident rotation system at CHUK for regional anesthesia; and scheduling technicians to train and disseminate regional expertise. "The vision is in two years those residents will be comfortable [in regional]. And they can also do workshops for all of the anesthesiologist staff in Rwanda" (Anesthesia
Resident)
The human resource shortages were compounded by a lack of equipment required for regional anesthesia. "We are a hospital that receives many patients who cannot pay and...the hospital doesn't have the materials they need like drugs. The establishment of this system is a difficult situation" (Anesthesia Resident). The shortages included but were not limited to: procedural equipment; equipment maintenance; drugs; patient monitors; and resuscitation equipment.
During the establishment phase, CHUK was reliant on international donations. Participants identified the challenge of reliance on donations to local sustainability. "The problem is also spare parts. We can have the block needles today, but tomorrow we don't have them.
We can have a good working ultrasound today, and tomorrow we don't have it. That is our big concern" (Anesthesia technician). 
Discussion
While implementation teams in high-and low-resourced settings have used the CFIR to understand and evaluate implementation processes [17] [18] [19] [20] , this study is unique in examining the adaptation of a well-established anesthetic technique into a low-resource setting.
As our intervention was informed by the CFIR, the key findings from this study are grouped according to its 5 domains of implementation ( Figure 1 ).
There is an increasing push for global health policy to be informed by evidence-based strategies [21] . In an evaluative pilot review of 15 studies on 3 specific global health interventions, Luoto et al. showed that the reporting of implementation processes and context descriptors was mostly fair to poor [21] . These factors make direct comparison with other studies difficult. Nevertheless, the CFIR constructs identify key principles applicable to this study [11] :
externally-initiated interventions are more difficult to sustain than internal ('grass-roots') efforts [22] ; low-cost locally funded interventions predict success over those that are costly and externally supported [23] ; alignment of the intervention with the country's overall health goals is essential [24] ; and assessing locally-focused data on barriers, facilitators and patient needs is required prior to establishment [22] . English et al. emphasized similar strategic recommendations when implementing a theory-informed pediatric service in Kenya. This included: engaging multiple stakeholders;
gaining government approval; and empowering credible local partners [25] . An important distinction in low-resource countries such as Rwanda is the need and ability to engage support at the highest level (e.g. the Ministry of Health), unlike similar interventions in highresource contexts, which will aim at a much lower level (e.g. field notes, quantitative outcome data) [18, 27] . This study team is concurrently performing a quantitative retrospective outcome study, which may be useful for future mixed method evaluation. As data were collected at the conclusion of the 3-month establishment phase, our study was unable to evaluate the major goal of sustainability.
Finally, this study was conducted in a single low-resource institution and may not be representative of the implementation issues faced in other low-HDI countries.
Conclusion
Our study identified barriers and facilitators to establishing a perioperative service in a low-resource setting and analyzed them using an established implementation framework. The CFIR demonstrates the dynamic interplay between the 5 domains of implementation, from which we have provided a broad framework to guide future establishment endeavors in low-resource contexts, including our attempts to improve this service in Rwanda. In this unique setting, we encourage future studies to build on and refine our findings.
What is known about this topic
 Despite advantages over general anesthesia in terms of analgesia, recovery and cost, regional anesthesia is underutilized in low-resource settings due to a lack of infrastructure, trained staff and appropriate processing systems;
 Health policy should be informed by evidence-based strategies such as the CFIR, which emphasize: a preintervention needs assessment; alignment of the intervention with a country's overall health goals; and a locally-based funding model.
What this study adds
 Global health interventions require focused support from high-level health organizations, more than the low-level institutional support that is emphasized in high-resource settings;
 Unlike interventions in well-resourced settings, external assistance is usually necessary for the establishment of new health services in low-resource settings;
